Summary: 1.5T Magnetic resonance (MR) imaging has become an accepted method for assessing prostate cancer. However, the role of 1.5T MRI in local staging of prostate cancer is limited. It is hoped that 3.0T MRI will be more useful in local staging of prostate cancer. The purpose of this study was to evaluate the tissue contrast, artifact presence, and image quality of T2-weighted images (T2WI) of prostate cancer using 3T MRI with a phased-array coil at different slice thicknesses and fields of view (FOV). We examined 15 patients with prostate cancer. We obtained MR images at slice thicknesses of 2 mm and 5 mm in both small and large FOV. The image obtained at a slice thickness of 2 mm with a small FOV had inferior tissue contrast compared to the other images (P<0.05), but there was no statistically significant difference in contrast between images obtained at a slice thickness of 2 mm with a large FOV and those obtained at a slice thickness of 5 mm. Artifacts were rated equally among the parameter combinations. The overall image quality obtained at a slice thickness of 2 mm with a large FOV was significantly superior to the other three imaging parameters (p<0.05). The image obtained at a slice thickness of 2 mm with a large FOV was superior to the other three images in evaluating T2WI of prostate cancer with 3T MRI.
INTRODUCTION
Prostate cancer is the most common malignant tumor in men. Magnetic resonance (MR) imaging of the prostate has become an accepted method for staging prostate cancer. 1.5T MRI using an endorectal coil is currently the best imaging modality for the preoperative evaluation of prostate cancer.
For several years, 3T MRI has been used for research purposes, but it recently has become more widely used in the clinical setting. Because 3T MRI theoretically has a two-fold higher signal to noise rate (SNR) compared to conventional 1.5T MRI, its application is expected to provide a more accurate characterization of various organs. For neurological applications it has been demonstrated that spatial resolution improves detail delineation and thus diagnostic accuracy [1] [2] [3] [4] . Several studies reported that 3T MRI with a phased-array coil is equivalent to 1.5T MRI with an endorectal coil in evaluating local staging accuracy for prostate cancer [5, 6] . However, in practice, the increase in SNR of whole-body scanners with 3T MRI is not as straightforward as it may appear. 3T MRI needs to overcome several technical challenges in order to achieve the expected improvements in image quality and SNR. The main challenge for the pulse sequence design at higher magnetic fields is increased radiofrequency energy deposition, which requires new strategies to reduce the specific absorption rate (SAR) [7] . Further technical challenges facing 3T MRI include increased T1 relaxation time [8] , decreased T2 relaxation time [9, 10] , insufficient radiofrequency power penetration [11] , stronger susceptibility effects, and a larger chemical shift. Thus, 3T MRI examination of the prostate as part of the clinical routine has not been established as a standard procedure.
The purpose of this study was to evaluate the tissue contrast, artifact presence, and image quality of T2-weighted images (T2WI) of prostate cancer in different fields of view (FOV) and at different slice thicknesses, obtained using 3T MRI with a phased-array coil within clinically acceptable scan times.
MATERIALS AND METHODS

Patients
Because the purpose of this study was to evaluate the tissue contrast, artifact presence, and image quality of T2WI in prostate cancer, the specimens used covered all stages of prostate cancer. A total of 15 patients with prostate cancer verified by transrectal ultrasound (TRUS)-guided biopsy underwent 3.0T MRI using a surface coil. Patient age ranged from 56 to 79 years (median, 71 years). The median serum level of prostate-specific antigen (PSA) was 17.9 ng/ml (range, 4.0-368 ng/ml), and the mean Gleason score was 7.8 (range, 6-10).
The study protocol was reviewed and approved by the ethics committee of Kurume University.
Inclusion and exclusion criteria
Patients with histologically confirmed prostate cancer without any contraindications for a MRI examination of the prostate (e.g., cardiac pacemaker, intracranial clip) were included in our study. Patients with previous surgical, hormonal, or radiation therapy, as well as patients with indistinct zonal anatomy or a biopsy-related hematoma caused by prostate cancer were excluded from the study.
MR imaging technique
We performed MR imaging using a 3T MR scanner (Signa HDx, GE Medical Systems, Milwaukee, WI, USA) with an 8-channel torso array coil in 2 patients and an 8-channel cardiac array coil in 13 patients. Patients were examined in the supine position. In all patients, we obtained fast spin echo (FSE) T2WI in the axial plane following a localizer scan. We used 4 different combinations of FOV and slice thickness. To reduce the SAR, T2WI were obtained by a new variable refocusing angle technique called tailored radio frequency wave (RF). We obtained T2WI with a small FOV (18×18 cm) and a large FOV (26×26 cm). We imaged 2 mm and 5 mm slices in both small and large FOV. directions to obtain DWI using diffusion gradients with 2 b-values (0 and 1000 sec/mm 2 ). We used an arrey spatial sensitivity encoding technique (ASSET) factor of 2.
To improve RF field inhomogeneity, a dielectric pad was positioned in front of the body. Before MR examination, 13 patients were given an intramuscular injection of 1 mg glucagon (Glucagon G Novo; Novo Nordisk Pharma, Tokyo, Japan) to reduce bowel peristalsis. Glucagon was contraindicated in the remaining 2 patients, and we examined them without suppression of peristalsis.
Image analysis
On MR images, we considered any lesion fulfilling the following criteria to be prostate cancer: an area with (a) diffuse low signal intensity with mass effect or (b) circumscribed, round, or triangular-shaped localized hypointensity on T2WI and (c) reduced apparent diffusion coefficient (ADC) in comparison with the normal prostate. Locations of all suspected lesions identified by MR imaging were consistent with estimates obtained by TRUS-guided biopsy.
We reviewed the images using the Centricity RA 1000 picture archiving and communications system (PACS) available from GE Medical Systems.
First, to assess tissue contrasts (C) between muscle and prostate cancer we performed quantitative measurements of the tissue contrasts in regions of interest (ROI) according to the following relation: C=(A-B)/ (A+B), where A and B represent the signal intensities (SI) of tissues A and B, respectively. The ROI for the SI measurement was established in the largest possible area of prostate cancer (A), and then a ROI of similar size was placed in muscle (B) in the same side for each sequence. We assessed the tissue contrast as described in a previous study [12] .
We assessed the presence of MR imaging artifacts separately, and assessed the following scores by consensus: no artifacts, 1; minor artifact, 2; moderate artifact (not diagnostically relevant), 3; strong artifact (diagnostically relevant), 4; and severe artifact (nondiagnostic study), 5.
In addition, we evaluated the image quality of the seminal vesicle as well as overall image quality. Images were visually interpreted by two radiologists in consensus. Criteria for quality of the seminal vesicle images were margin, septation and subjective impression. Criteria for overall image quality were artifact, sharpness and overall subjective impression. The visual comparison of the images was subjectively classified as excellent, 1; good, 2; satisfactory, 3; moderate, 4; or poor, 5.
Statistical analysis
Statistical analysis was performed with the data analysis program StatMate for Macintosh. For all tests, a P-value of less than 0.05 was considered to indicate a statistically significant difference.
We used one-way ANOVA to compare tissue contrasts between the 4 different parameter combinations. When there were statistically significant differences, we used the Newman-Keuls test to make paired comparisons between different imaging modes. We used the Kruskal-Wallis test to compare the image quality between the 4 parameter combinations. When there were statistically significant differences, we used the Dunn test to make paired comparisons between different imaging modes. Tables 2 and 3 display results of the analyses comparing T2WI obtained for the 4 different FOV/slice thickness combinations.
RESULTS
Quantitative contrast analysis revealed that images obtained at a slice thickness of 2 mm with a small FOV were significantly inferior to those obtained at a slice thickness of 5 mm with the same FOV (P<0.05) and both slice thicknesses with the large FOV (P<0.01). Despite this, there was no statistically significant difference between the images obtained at slice thicknesses of 2 mm and 5 mm with a large FOV ( Table 2) . We observed minor and moderate artifacts caused by motion of the abdominal wall, but the differences between the 4 parameter combinations were not statistically significant. We did not observe any other types of artifacts in this study. We found no significant differences in the image quality of the seminal vesicle among the 4 parameter combinations.
Concerning the quality of the overall image, although differences between the images obtained at slice thicknesses of 2 mm and 5 mm with a small FOV were not statistically significant, overall image quality obtained at a slice thickness of 2 mm with a large FOV was significantly superior to the images obtained at a slice thickness of 2 mm with a small FOV (P<0.01), slice thickness of 5 mm with a small FOV (P<0.05), and slice thickness of 5 mm with a large FOV (P<0.001) ( Table 3 , Fig. 1 ).
DISCUSSION
MR pulse sequences with high spatial resolution are required to assess tumor margins correctly and to detect small cancerous areas. The low SNR of conventional 1.5T MRI using body coils has driven the development of endorectal coils, recently used in combination with pelvic-array coils for high spatial resolution in prostate cancer [13] .
3T MRI has a nearly two-fold higher SNR compared to conventional 1.5T MRI and provides some advantages for clinical MRI, such as faster scan time and better spatial resolution. In terms of local staging, 3T MRI using the phased-array coil can be expected to offer good image quality, equivalent to endorectal 1.5T MRI. Sosna et al. [5] reported that prostate 3T MRI quality with large FOV using an external phasedarray coil was similar to that of endorectal 1.5T MRI for evaluating the posterior border, seminal vesicles, and neurovascular bundles. In addition, Park et al. [6] recently reported that 3T MRI using a phased-array coil was equivalent to 1.5T MRI using endorectal coil for evaluating local staging accuracy without a significant loss of image quality.
Heijmink et al. [14] found that image quality and accuracy of prostate cancer localization and staging at 3T MRI using an endorectal coil were better than at 3T MRI using a body-array coil. While the endorectal coil is superior to the body phased-array coil when used at the same standard clinical field strength, it has some limitations for use. The use of an endorectal coil is contraindicated in patients examined shortly after pelvic surgery and radiation therapy [15] . Moreover, its use may also deform the peripheral zone [16] , resulting in signal hyperintensity near the rectum, peripheral zone, and neurovascular bundles and difficult image interpretation. Because there are the limitations associated with use of the endorectal coil and the fact that the endorectal coil is more invasive than the phased-array coil, developing methods of achieving good image quality of 3T MRI with a phased-array coil is of urgent importance.
FOV and slice thickness affect SNR, contrast and spatial resolution of the MR image. Spatial resolution increases as slice thickness and FOV decrease, but SNR is decreased. It is important to determine the optimal FOV and slice thickness for 3T MRI of the prostate. We designed our study to clarify optimal prostate image quality of T2WI obtained with 3T MRI using a cardiac array or torso array coil and 4 combinations of FOV and slice thickness. In this study, we considered scan time to be one of the most important factors in MRI examinations. Therefore we set each parameter so that the SNR could be evaluated for each FOV and slice thickness within a clinically acceptable 5-minute scan time. As a result, TR/TE, the matrix and bandwidth of each image protocol are different. A slice thickness of 2 mm is difficult to achieve with 1.5T MRI, while a 5 mm thickness is common. The large FOV used in this study (26×26 cm) is common, and the smallest FOV image size that does not result in wraparound artifacts is 18×18 cm.
The cardiac array coil has a superior SNR compared to the torso array coil. Therefore, 13 of the 15 patients were examined using an 8-channel cardiac array coil.
Prostate cancer in the peripheral zone and transitional zone is darker than normal tissue on T2WI. Therefore, tissue contrast in images of the prostate is one of the most important diagnostic factors. Although the contrast between prostate cancer and the peripheral zone is ideal, it is difficult to assess ROI in peripheral zones compressed by a central gland enlarged due to age-related anatomical changes. Therefore, we analyzed the contrast between prostate cancer and muscle. Morakkabati-Spitz et al [12] reported the contrast between muscle and solid tumor in the pelvis at 3T MRI. So, we suspected that our contrast data was adequate. Because an increase of 21% in the T1 relaxation time and a decrease of 16% in the T2 relaxation time in the prostate have been observed in 3T MRI compared to 1.5T MRI [17] , we used longer TR and TE times to increase image contrast for the images obtained in this study. Although the contrast of the image obtained at a slice thickness of 2 mm with a small FOV was inferior to the other parameter combinations, the image obtained at a slice thickness of 2 mm with a large FOV showed no statistically significant difference in contrast when compared to the images obtained at a slice thickness of 5 mm. We suggest that the slightly larger voxel size in the large FOV studies can offer a contrast advantage.
In this study, we observed only minor and moderate artifacts due to motion. The application of an intramuscular injection of glucagon and placement of a dielectric pad in front of the body successfully minimized motion and susceptibility artifacts. To obtain images with high SNR, we used a slice thickness of 2 mm, which required a narrow bandwidth. We were aware that a narrower bandwidth might intensify chemical shift artifacts, but fortunately we did not observe this. We suspect that chemical shift artifacts deceased due to the thinner slice thickness. To decrease image scan time, we increased the echo train length (ETL). We were aware that any increase in the ETL might intensify blurring artifacts, but we did not observe such an increase in our study.
Although Sosna et al. [5] reported that the image quality of the seminal vesicle with a large FOV was significantly superior to that of a small FOV, we found no significant difference in our study. However, image quality of the seminal vesicle at a slice thickness of 2 mm tended to be higher in the large FOV than in the small FOV. On the other hand, in images obtained at a slice thickness of 5 mm, image quality of the seminal vesicle was lower in the large FOV than in the small FOV. We suspect that this result can be explained by an inferior SNR at a slice thickness of 5 mm with a large FOV compared to that of other images. This is most likely due to the smaller voxel size and the wider bandwidth compared to other images, given the similar scan times.
The voxel size of the image obtained at a slice thickness of 2 mm was smaller than that at a slice thickness of 5 mm, so the SNR of the image obtained at a slice thickness of 2 mm was inferior to that at a slice thickness of 5 mm. And concerning tissue contrast, there was no statistically significant difference between the images obtained at slice thicknesses of 2mm and 5mm with large FOV. However, the overall image quality obtained at a slice thickness of 2 mm with a large FOV was higher than that at a slice thickness of 5 mm. The thinner slice can offer higher spatial resolution and reduce the partial volume effect while the slightly larger voxel size in the large FOV will probably offer a SNR advantage. This may help explain the increase in image quality. The overall image and the periprostatic structures are superbly depicted on T2WI. There have been several recent reports in the literature dealing with the use of diffusion-weighted (DW) imaging [18, 19] and 1H-MR spectroscopic imaging [20, 21] for prostate cancer. Both imaging techniques are useful for identifying prostate cancer, however, they are not suitable for the determination of tumor spread due to their low resolution. High resolution T2WI has proven one of the most useful methods to identify tumors in the prostate and their spread into the adjacent periprostatic tissues because of the excellent anatomic images that can be obtained of the gland.
In principle, a higher signal allows an increase in the spatial resolution. However, SAR limits are reached earlier at a high magnetic field. Parallel imaging techniques reduce the energy deposition, ETL, scan time and presence of blurring artifacts. We used parallel imaging for the large FOV, but could not use it with the small FOV. Unfortunately, our high magnetic field cannot use parallel imaging when the FOV is less than 20 cm. This is one limitation of our study. Our study had four additional limitations. First, because data analysis was performed in consensus, we cannot provide data on interobserver variability. Second, our study included only a small patient population. Third, the MR images were not compared with the results of histological mapping of the prostate. Although the locations of all the lesions were consistent with estimates obtained by TRUS-guided needle biopsy, biopsy results might differ from those of a radical prostectomy with respect to tumor localization. Fourth, the imaging protocols were not uniform. Given the importance of scan time, using similar scan times for each protocol is necessary. In future, it will be necessary to compare 3T MRI with 1.5T MRI in patients undergoing radical prostectomy.
In conclusion, the image obtained at a slice thickness of 2 mm with a small FOV was inferior to the images obtained with the same slice thickness and a large FOV as well as to images obtained at a slice thickness of 5 mm. However, in the case of large FOV, we found no statistically significant difference in contrast between images at a slice thickness of 2 mm and those at a slice thickness of 5 mm. Overall image quality at a slice thickness of 2 mm with a large FOV was superior to that of other images because the thin slice offers a higher spatial resolution. Images obtained with a small FOV and thin slice thickness are theoretically ideal, however, the best images were obtained with a large FOV and slice thickness of 2 mm. Although the imaging protocols used in this study will improve with the development of 3T MRI coils and software, our data suggest that high spatial resolution images obtained with 3T MRI can provide more clinically relevant information in an acceptable scan time than with 1.5T MRI.
